Todate,therehasbeengrowingconcernaboutsatellites among the industrialized countries that compete for satellite hegemony in space. Thus, there are currently numerous artificial satellites above the Earth. They fulfill many different purposes (e.g., environmental, communication, military, navigational, and astronomical) . Operating continuously, they all have a direct impact on the quality of our lives.
For educational applications, environmental satellites specifically provide a niche for science education where real-time data for monitoring atmospheric and environmental phenomena of the earth can be directly utilized in the K-12 and tertiary science classroom. No longer are professional scientists the only ones who can benefit from satellite-generated information; one can also receive satellite-produced information in one's own classroom from environmental satellites (i.e., National Oceanic and Atmospheric Administration [NOAA] , Polar-orbiting Operational Satellites [POES], Russia's Meteor Polar Orbiter, Chinese Feng Yun 1-2 Polar Orbiter, U.S. Geostationary Observational Environmental Satellite [GOES] , and European Satellite Agency's Meteosat).
To receive data directly from the satellites (direct readout), one must obtain a ground station with a basic system set of computer, antenna with positioner, down converter, receiver, and modem. Direct readouts or images have enabled teachers and students to examine Earth from space, creating a variety of exciting educational experiences in the classroom. At this point, several kinds of direct readouts are applicable for science activities at no cost: 4-km resolution of polar orbiting Automatic Picture Transmission (APT), 8-km resolution of GOES Weather Facsimile (WEFAX), 1.1-km resolution of the NOAA High Resolution Picture Transmission (HRPT), 0.8-km resolution of GOES Visual Atmospheric Sounder (VAS), and European Space Agency's Meteosat High Resolution (HR) data (Wallach, 1994) .
In this article, we provide an example of how HRPT data available through satellite technologies can be used to create personalized knowledge and understanding about how science and technology affect individuals, societies, and the environment (STISE). Science teachers and students can use their ideas and methods to develop authentic practices of science teaching and learning. The STISE model has been used in science classrooms to provide background in issues concerned with the weather and environment of the United States (Park, 1995) . The NOAA satellite imagery is often chosen as the data resource for classroom science activities (Knorr & Levin, 1990; Martin, 1987; Park, 1998; Petit & Johnson, 1982; Summers, 1982) . In particular, Park (1998) presented an example of STISE lessons using the advanced HRPT satellite imagery in teaching integrated science for grades 7 through 12. A pedagogical and conceptual scheme of STISE teaching model using satellite technologies is introduced in the latter part of this article.
HRPT From ATNs
HRPT stands for High Resolution Picture Transmission, a digital stream transmitted continuously to Earth by POES of the NOAA Advanced Tiros-N (ATN) satellites program. HRPT is generated by the ATN's Advanced Very High Resolution Radiometer (AVHRR), which is a scanning radiometer (National Aeronautics and Space Administration, 1994). A scanning mirror inside the AVHRR rotates at 360 revolutions per minute as it scans the earth and reflects an image through an 8-inch telescope. Telescope output is then optically split into five discrete spectral bands of electromagnetic radiation, which focus on detectors. As radiation focuses on a detector, it causes a proportional current flow. This current is then amplified, converted from analog to 10-digital form, and transmitted continuously to Earth as the HRPT data stream. HRPT contains five channels of data processed from the five AVHRR detectors as follows (Harris, 1987 Six NOAA ATN satellites have been launched into orbit by NASA since 1983, but only NOAA-9, NOAA-10, NOAA-12, NOAA-14, and NOAA-15 are currently operational. NOAA-13 was launched into orbit in August 1993 but failed shortly thereafter. ATN satellites orbit the earth approximately pole-to-pole, in a fixed plane, and at an altitude of about 850 km (500 miles). One complete orbit takes about 100 minutes, during which time the earth will have rotated about 23 degrees. As ATN satellites orbit the earth, they continuously scan, process, and transmit data on a band of the earth's surface about 1,750 km (1,100 miles) wide. The 10-bit HRPT data are normally displayed in SVGA resolution in scan lines composed of pixels. Each square pixel on an HRPT image is 1.1 km × 1.1 km at nadir (the point of best focus, directly beneath the satellite), which is greater resolution than that of APT images (4 km × 4 km) but poorer resolution than that of Landsat images (10 m × 10 m). The images can also be processed in false color or black and white.
HRPT and Science Classes-An Example of West Chester University of Pennsylvania
With sponsors from Telonics, Inc. of Mesa, Arizona; NASA; NOAA; Dupont Co.; Pennsylvania Space Grant Consortium; and Lockheed-Martin Missiles and Space Co., West Chester University of Pennsylvania offers an opportunity to use HRPT imagery in undergraduate courses, science methods courses for preservice and in-service teachers, science enrichment programs for school students (grades 4-12), and a variety of summer workshops (i.e., GLOBE program workshop, summer space program, minority group program). A number of school students and their teachers are eager to use the t-ris Earth station and are enthusiastic about interpreting the images that they construct. Image interpretation requires skills and comprehension in science, mathematics, geography, and communications, yet students and teachers are willing to learn skills and obtain the data required for their investigations. School students and their teachers are generally excited about the fact that they are able to conduct their own scientific investigations of events and places in the news, using some of the same technologies on which professional scientists rely. When students and teachers in West Chester University programs were asked to choose what they would like to investigate using HRPT images, they routinely chose to investigate problems involving environmental geoscience. For example, the topics of interest have been
• tracking storm movements • predicting the weather • observing floods • locating astroblemes (craters)
• comparing temperature variations of land, lake, and ocean surfaces • deciphering ocean circulation patterns • tracking sea-ice movements (icebergs)
• tracking fault traces • observing land-use practices relative to one's home HRPT images do not have as much detailed information as the Landsat images or VAS data products, yet most students and teachers are intrigued by the HRPT technology because (Busch, 1994) • HRPT images can be obtained in real time, to study changes in the Earth system as they occur, • HRPT image processing is easy and fun, students can schedule satellite acquisition as they want/need them, • HRPT image analysis and interpretation is relatively basic and straightforward.
Students have eagerly combined their understandings and skills in science with the HRPT technology to conduct real-time studies of regional geology, physiography, glacial processes, atmospheric processes, ocean circulation, coastal processes, hydrology, and so on. Such studies have been used to help students define problems for more extensive investigation, to help students relate data from several field sites to a regional and Earth-system perspective, and to introduce students to remote sensing and Geographic Information Systems (GIS). STISE (Park, 1995) is an acronym that stands for Science and Technology for Individuals, Societies, and the Environment. STISE is not curriculum, but a conceptual model for addressing key cognitive and affective parameters when designing science lessons. STISE is especially applicable when designing HRPT satellite technology lessons, where science is integrated with technology and the pedagogy of science, technology, and society (STS). In the STISE model, lessons must have parameters that relate science and technology for individuals, societies, and the environment. To enhance the cognitive and affective strengths of the lesson, the teachers should consider the following questions when planning the lesson, while teaching the lesson, and at the end of the lesson: These questions are pivotal to science instruction in the STISE classroom. By answering the above questions, the lesson will apply to students' daily lives and enable them to make responsible decisions in resolving problems concerning individuals, society, and the global environment. Furthermore, it will increase student understanding of science cognitively (questions 1 and 2) as well as affectively (question 3, 4, and 5). STISE lessons are useful in enhancing students' interest and understanding of the earth because the model deals with the environment of the Earth system. Thus, the Earth system becomes one of the critical perspectives in science lesson planning. Studying the Earth system, along with the use of satellite imagery, can become the conceptual base of a science curriculum and play a major role in the restructuring efforts now underway through the Project 2061 of the American Association for the Advanced (Fortner, 1992) .
STISE Teaching Model for Science Education Using HRPT
STISE is designed to encourage students to understand science and technology from their levels of cognition and then relate them to their lives, levels of societies, and the environment. So students are urged to be active participants in the STISE class. The STISE model is given in Figure 1 . STISE includes all three Park, Busch / STISE AND SATELLITE TECHNOLOGIES 211 regions of educational psychology. STISE is, however, primarily designed to focus more on the cognitive and affective domains. The ST lesson is categorized as the cognitive area and the ISE as the affective domain. Conducting experiments, data analysis, and other physical actions all relate to the psychomotor area. H in this domain stands for hands-on activities. The triangle in the middle of the circle is divided into three parts by three dotted lines. The lines indicate primarily that a large portion of time can be devoted to any components among S, T, I, S, and E. It fluctuates depending on students' interests and the topics chosen. In other words, when students need more time to accomplish a chosen task, the STISE lesson can be made flexible to allow that. STISE is designed to be flexible to each science lesson.
As shown in Figure 1 , the STISE lesson starts with the introduction of a STISE scenario, which is a narrative form including every component of S, T, I, S, and E. The ST lesson is laid out according to the scenario, and then the ST component is investigated from the three perspectives: I, S, and E. Finally, the STISE lesson is completed by applying elements of the ST and ISE components to analyze and critically evaluate ideas, actions, choices, and consequences in the STISE scenario. Each domain is discussed and investigated through each step. Through this process of learning, students are encouraged to relate new concepts to their preexisting ones and are challenged to adapt to the real situations based on their own decision making. The ultimate objective is that students be able to learn how to combine new knowledge, concepts, and methods with what they already know and enable them to take action to solve their real-world problems. When successfully completing the STISE lessons, the students are expected to be scientifically literate and act differently as people. Thus, the incremented cultivation of the students' science literacy is achieved through each step of the STISE science class.
The aforementioned STISE model is explained in Tables 1 and 2 in more detail. The STISE model is primarily highlighted by two components: the conceptual model and lesson planning protocol. The conceptual model lines out a framework for lesson planning. As seen in Table 1 , the STISE conceptual model comprises four major components: STISE scenario, ST, ISE, and science literacy. In the STISE scenario, the students' interests are drawn to the science lesson by a real-life story that includes satellite imagery and keywords of the lesson. The scenario should be flexible to motivate students when organizing a story. In other words, adjusting each level of relevance must be considered and offered to different grade levels. In addition, time and management would have to be considered in the STISE scenario. In the ST component, teachers will interact with students to reach science-technology objectives (the cognitive and psychomotor lesson). Students might encounter new concepts in this component of the lesson. On the other hand, the ISE component is addressed to individual, societal, and environmental perspectives (the affective lesson). Students are challenged to relate the ST components to a real-world situation and/or to apply it in solving problems of everyday life. Finally, students go back to the STISE scenario and try to apply the ST and ISE components into analyzing and evaluating the ideas raised during the STISE lesson. In the ISE component, students explore and try to integrate all components to solve the problems that they face in their daily life. As the successful completion of STISE, students would have to take action and make choices against the problem using any component from the lesson. A STISE lesson is planned on the basis of the concept described above. Table 1 represents a protocol for lesson planning. Special attention is directed to procedures that consist of five steps. In each lesson, five steps are to be described in as much detail as possible.
Closing Remarks
HRPT technology is a powerful tool for helping students to appreciate and understand the Earth system. Earth stations enhance the learning process by making it possible for students in grades 4 through 12 and tertiary science to schedule passes and process images in a user-friendly environment that is low cost and real time. As students process their own data and examine their own images, they develop a sense of ownership in the investigation of Earth features and processes. Thus, students are more curious, eager to learn, thorough in their work and willing to work cooperatively with other students investigating related features and/ or processes. Relationships among STS become obvious and interesting to students as they process and interpret HRPT images. Students are, however, also quick to realize how their HRPT investigations relate to themselves (individuals) and the environment of the earth. Consequently, each student is routinely assigned to report on why he or she chose to study their particular issue and/or image and how the issue and/or image relates to STISE.
